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Abstract
This report presents the results of a cooperative study by the U.S. Geological Survey and the Oklahoma Department of Transportation to estimate the magnitude and frequency of peak streamflows from regional regression equations for ungaged stream sites in and near the Oklahoma Panhandle. These methods relate basin characteristics (physiographic and climatic attributes) to selected peak streamflow frequency statistics with the 50-, 20-, 10-, 4-, 2-, 1-, and 0.2-percent annual exceedance probabilities. These relations were developed based on data from 32 selected streamflow-gaging stations in the Oklahoma Panhandle and in neighboring parts of Colorado, Kansas, New Mexico, and Texas. The basin characteristics for the selected streamflow-gaging stations were determined by using a geographic information system and the Oklahoma StreamStats application. Peak-streamflow frequency statistics were computed from annual peakstreamflow records from the irrigated period of record from water year 1978 through water year 2014.
Generalized-least-squares multiple-linear regression analysis was used to formulate regression relations between peak-streamflow frequency statistics and basin characteristics. Contributing drainage area was the only basin characteristic determined to be statistically significant for all percentage of annual exceedance probabilities and was the only basin characteristic used in regional regression equations for estimating peak-streamflow frequency statistics on unregulated streams in and near the Oklahoma Panhandle. The regression model pseudo-coefficient of determination, converted to percent, for the Oklahoma Panhandle regional regression equations ranged from about 38 to 63 percent. The standard errors of prediction and the standard model errors for the Oklahoma Panhandle regional regression equations ranged from about 84 to 148 percent and from about 76 to 138 percent, respectively. These errors were comparable to those reported for regional peak-streamflow frequency regression equations for the High Plains areas of Texas and Colorado. The root mean square errors for the Oklahoma Panhandle regional regression equations (ranging from 3,170 to 92,000 cubic feet per second) were less than the root mean square errors for the Oklahoma statewide regression equations (ranging from 18,900 to 412,000 cubic feet per second); therefore, the Oklahoma Panhandle regional regression equations produce more accurate peakstreamflow statistic estimates for the irrigated period of record in the Oklahoma Panhandle than do the Oklahoma statewide regression equations. The regression equations developed in this report are applicable to streams that are not substantially affected by regulation, impoundment, or surfacewater withdrawals. These regression equations are intended for use for stream sites with contributing drainage areas less than or equal to about 2,060 square miles, the maximum value for the independent variable used in the regression analysis.
Introduction
Knowledge of the magnitude and frequency of peak streamflows (floods) is required for the safe and economical design of roads, bridges, and culverts near streams (Jennings and others, 1994) . The Bridge Division of the Oklahoma Department of Transportation is tasked with reviewing and approving the bridge and culvert design plans for all major highways in Oklahoma (Oklahoma Department of Transportation, 2009). To properly design these structures, estimates of peak-streamflow frequency statistics commonly are needed at ungaged stream sites where these statistics are unknown; therefore, relating peak-streamflow frequency statistics from gaged stream sites to ungaged stream sites is necessary. This relation usually is achieved by defining regression relations between selected peak-streamflow frequency statistics (dependent variables) and selected basin characteristics (independent variables) (Jennings and others, 1994) . To address this need, the U.S. Geological Survey (USGS) in cooperation with the Oklahoma Department of Transportation (ODOT) prepared regression equations to estimate peak-streamflow statistics at ungaged sites in the Oklahoma Panhandle.
Previous Studies
In 2010, updated statewide peak-streamflow frequency regression equations were published for Oklahoma (Lewis, 2010) . These regression equations incorporated contributing drainage area, mean annual precipitation, and stream slope to compute estimates of peak-streamflow frequency statistics for ungaged streams. Those statewide regressions may have overestimated recent peak-streamflow frequency statistics in the Oklahoma Panhandle ( fig. 1 ) because of changes to the hydrology of that area. If regression-computed peakstreamflow frequency statistics are overestimated in the Oklahoma Panhandle, engineers are designing structures to withstand greater peak streamflow than is necessary at a cost to the State that is greater than necessary.
In the late 20th century, the hydrology of the Oklahoma Panhandle changed as a result of development of the High Plains (or Ogallala) aquifer ( fig. 1 ; Wahl and Wahl, 1988; Wahl and Tortorelli, 1997) . Prior to the early 1960s (predevelopment), groundwater levels in the aquifer were relatively constant over time (Wahl and Wahl, 1988) . For example, at the Texhoma observation well ( fig. 1 ), completed at a depth of 386 feet (ft), the average annual depth to water was about 189 ft from 1956 to 1965 ( fig. 2 ; U.S. Geological Survey, 2015b). The introduction of center-pivot irrigation in the 1960s prompted a rapid increase in high-capacity irrigation well construction and groundwater withdrawals in the 1960s and 1970s (Oklahoma Water Resources Board, 1984) . Since that time, groundwater levels have steadily declined over much of the aquifer, and groundwater-level declines greater than 150 ft (as compared to predevelopment groundwater levels) have been measured recently in some areas of the Oklahoma Panhandle statistical region ( fig. 1 ; McGuire, 2014) . As early as the 1970s, area residents began to perceive a change in the streamflow characteristics of the Beaver River, the principal stream draining the Oklahoma Panhandle ( fig. 1 ; Wahl and Wahl, 1988) . During the 1970s, the Beaver River near Guymon, Okla. (U.S. Geological Survey streamflowgaging station 07232500, fig. 1 ), transitioned from a stream that ceased flowing occasionally in summer to a stream that ceased flowing for about half of the year ( fig. 2) . The decreasing trend in streamflow continued into the 1990s, when the Beaver River near Guymon, Okla., ceased flowing for more than 90 percent of the year ( fig. 2 ). The changes in streamflow, especially base flow and peak streamflow, observed at this and other stations prompted Lewis and Esralew (2009) and Esralew and Lewis (2010) to break the streamflow record into an irrigation-affected period of record beginning around 1978 for streamflow-gaging stations in and near the Oklahoma Panhandle.
Annual peak streamflows have decreased significantly at selected long-term streamflow-gaging stations on several large streams (including the Beaver River, North Canadian River, Cimarron River, Coldwater Creek, and Wolf Creek) that drain the High Plains aquifer (Wahl and Tortorelli, 1997; Esralew and Lewis, 2010) (fig. 1 ). Optima Lake on the Beaver River ( fig. 1 ) is a good illustration of the degree to which the surface-water hydrology has changed in the Oklahoma Panhandle. Optima Dam is about 30 miles downstream from the Beaver River near Guymon, Okla. (U.S. Geological Survey streamflow-gaging station 07232500, fig. 1 ). Optima Dam was designed and authorized using streamflow data from the predevelopment period and was constructed from 1966 to 1978. Because of decreased streamflows in the irrigated period from 1978 to present (2015), Optima Lake never filled to more than 6 percent of the conservation pool storage and never met expectations for municipal water supply and recreation in the Oklahoma Panhandle (U.S. Army Corps of Engineers, 1966; Wahl and Wahl, 1988;  fig. 3 ).
Purpose and Scope
This report presents the results of a cooperative study by the USGS and the ODOT to estimate the magnitude and frequency of peak streamflows from regional regression equations for ungaged stream sites in and near the Oklahoma Panhandle. This report describes revised methods for estimating peak-streamflow frequency statistics with the 50-, 20-, 10-, 4-, 2-, 1-, and 0.2-percent annual exceedance probabilities. These methods apply to sites on unregulated streams with contributing drainage areas of less than or equal to about 2,060 square miles (mi 2 ). This report also provides computed basin characteristics (physiographic and climatic attributes) and peak-streamflow frequency statistics for 32 selected streamflow-gaging stations in the Oklahoma Panhandle and in neighboring parts of Colorado, Kansas, New Mexico, and Texas (table 1) . Peak-streamflow frequency statistics were computed from annual peakstreamflow records from water year 1978 through water year 2014 (U.S. Geological Survey, 2015b). A water year is a period of 12 consecutive months that includes January through September of the named calendar year and October through December of the previous calendar year. Peakstreamflow frequency statistics from the 32 streamflowgaging stations were related to basin characteristics by using generalized-least-squares multiple-linear-regression analysis. The regression equations derived from this analysis can be used to estimate peak-streamflow frequency statistics (flood magnitudes) over the irrigated period of record (1978 to present) for unregulated streams in the Oklahoma Panhandle. This report supersedes the report by Lewis (2010) for unregulated streams in the Oklahoma Panhandle. The revised regional regression equations in this report can be incorporated into the Oklahoma StreamStats application, a Web-based map tool that allows rapid delineation of drainage basins, computation of basin characteristics, and estimation of streamflow statistics at user-defined ungaged sites others, 2004, 2008; Smith and Esralew, 2010) . Cr ee k C a n a d i a n C a n a d i a n Average annual depth to water, in feet below land surface, at Texhoma observation well Annual percentage of no-flow days Annual peak flow, in cubic feet per second Annual precipitation, in inches 1938 Annual precipitation, in inches 1940 Annual precipitation, in inches 1942 Annual precipitation, in inches 1944 Annual precipitation, in inches 1946 Annual precipitation, in inches 1948 Annual precipitation, in inches 1950 Annual precipitation, in inches 1952 Annual precipitation, in inches 1954 Annual precipitation, in inches 1956 Annual precipitation, in inches 1958 Annual precipitation, in inches 1960 Annual precipitation, in inches 1962 Annual precipitation, in inches 1964 Annual precipitation, in inches 1966 Annual precipitation, in inches 1968 Annual precipitation, in inches 1970 Annual precipitation, in inches 1972 Annual precipitation, in inches 1974 Annual precipitation, in inches 1976 Annual precipitation, in inches 1978 Annual precipitation, in inches 1980 Annual precipitation, in inches 1982 Annual precipitation, in inches 1984 Annual precipitation, in inches 1986 Annual precipitation, in inches 1988 Annual precipitation, in inches 1990 Annual precipitation, in inches 1992 Annual precipitation, in inches 1939 Annual precipitation, in inches 1941 Annual precipitation, in inches 1943 Annual precipitation, in inches 1945 Annual precipitation, in inches 1947 Annual precipitation, in inches 1949 Annual precipitation, in inches 1951 Annual precipitation, in inches 1953 Annual precipitation, in inches 1955 Annual precipitation, in inches 1957 Annual precipitation, in inches 1959 Annual precipitation, in inches 1961 Annual precipitation, in inches 1963 Annual precipitation, in inches 1965 Annual precipitation, in inches 1967 Annual precipitation, in inches 1969 Annual precipitation, in inches 1971 Annual precipitation, in inches 1973 Annual precipitation, in inches 1975 Annual precipitation, in inches 1977 Annual precipitation, in inches 1979 Annual precipitation, in inches 1981 Annual precipitation, in inches 1983 Annual precipitation, in inches 1985 Annual precipitation, in inches 1987 Annual precipitation, in inches 1989 Annual precipitation, in inches 1991 Annual precipitation, in inches 1993 Water year (October 1-September 30) Modified from Wahl and Tortorelli (1997) Annual peak streamflow at the Beaver River near Guymon, Oklahoma (USGS 07232500) In this report, the Oklahoma Panhandle refers to the portion of Oklahoma that extends west of the 100th meridian (100 degrees west longitude; fig. 1 ). The larger Oklahoma Panhandle statistical region includes the Oklahoma Panhandle, a part of Oklahoma east of the 100th meridian, and parts of several neighboring States. The Oklahoma Panhandle statistical region was delineated by Esralew and Smith (2010) for use in the Oklahoma StreamStats application (Smith and Esralew, 2010) to group streamflow-gaging stations with similar relations (regional regressions) between basin characteristics and streamflow statistics. The eastern boundary of the Oklahoma Panhandle statistical region approximately follows the boundary for flood-region 12 delineated by Crippen and Bue (1977) . Though regional regressions described in this report apply to the Oklahoma Panhandle statistical region, only locations in Oklahoma are accessible in the Oklahoma StreamStats application (Smith and Esralew, 2010).
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Streamflow-Gaging Station Selection and Data Analysis
Few streamflow-gaging stations currently (2015) are in operation in the Oklahoma Panhandle or the larger Oklahoma Panhandle statistical region ( fig. 1 ). Many streamflowgaging stations, like the Beaver River near Guymon, Okla., (07232500, fig. 2 ), were discontinued in the 1980s or 1990s when no-flow conditions became prevalent in the Oklahoma Panhandle ( fig. 4, table 1) . Therefore, streamflow-gaging stations with similar physical and hydrologic settings in neighboring States were included to compile a statistically representative dataset for the Oklahoma Panhandle statistical region ( fig. 1) .
U.S. Geological Survey streamflow-gaging stations with annual peak-streamflow data were selected for computation of basin (physical and climatic) characteristics and peakstreamflow frequency statistics over the entire period of record and the irrigated period of record. The entire period of record was defined to begin in the first year of peak-streamflow record (1925) and continue to 2014; the irrigated period of record was defined to begin in 1978 (Wahl and Tortorelli, 1997; Lewis and Esralew, 2009; Esralew and Lewis, 2010) and continue to 2014. Only peak-streamflow data from streamflow-gaging stations in the Arkansas River drainage basin ( fig. 1 ) with at least 10 years of peak-streamflow data in the irrigated period of record were selected for analysis. Gaps in the irrigated period of record were accepted. Data from some streamflow-gaging stations were excluded because of substantial regulation by large dams or because of surfacewater diversions upstream as described in station descriptions (Lewis and Esralew, 2009; U.S. Geological Survey, 2015a) . Substantial regulation was defined as a contributing drainage basin where 20 percent or more of the basin is upstream from large dams (including floodwater retarding structures) (Heimann and Tortorelli, 1988 
Basin Characteristics
Peak-streamflow frequency statistics (such as the peakstreamflow magnitude with a 1-percent annual exceedance probability) are influenced by a number of drainage-basin characteristics, though the most influential drainage-basin characteristics vary regionally; for example, many statewide studies of peak-streamflow frequency have concluded that drainage area, mean annual precipitation, and stream channel slope are useful basin characteristics (independent variables) for estimating peak-streamflow frequency statistics by using regionalized regression methods (Jennings and others, 1994) . Peak-streamflow frequency regression equations have been developed for all 50 U.S. States and Puerto Rico; all 51 sets of regression equations use drainage area, 27 use stream channel slope, and 19 use mean annual precipitation as independent variables in computations of peak-streamflow frequency statistics (Jennings and others, 1994) .
For each selected streamflow-gaging station, selected basin characteristics were computed for use as independent variables in peak-streamflow frequency regression equations for the areas in and near the Oklahoma Panhandle (table 1) . Percentage of drainage area on the High Plains aquifer (OK_HIPERMA) was computed in a geographic information system (GIS) as the percentage of the contributing drainage basin area that intersected the aquifer as defined by Qi (2010) . Percentage of drainage area with crop cover (LC01CROP) was computed in a GIS as the percentage of the contributing drainage basin area that intersected cropland cover as defined by the 2006 National Land Cover Database (Fry and others, 2011; Multi-Resolution Land Characteristics Consortium, 2011) . Contributing drainage area (CONTDA), mean annual precipitation (PRECIP), 10-85 stream channel slope (CSL10_85FM), mean soil permeability (SOILPERM), outlet elevation (OUTLETELEV), outlet mean annual precipitation from 1961 to 1990 (PRCOUT61), outlet mean annual precipitation from 1971 to 2000 (PRCOUT71), percentage of forest-canopy cover (CANOPY_PCT), percentage of impervious cover (IMPNLCD01), and mean drainage-basin slope (BSLDEM10M) were computed using methods described in Esralew and Smith (2010) and Smith and Esralew (2010) ; these methods are the foundation of the Web-based Oklahoma StreamStats application. The Oklahoma StreamStats application was designed to automatically compute selected drainage-basin characteristics for user-selected sites of interest in Oklahoma. For selected streamflow-gaging stations in Oklahoma, basin characteristics Streamflow-gaging station number 07134990 07139700 07139800 07140300 07140600 07140850 07141175 07141200 07142100 07142300 07142575 07143100 07144900 07148350 07148400 07149000 07154400 07154500 07156220 07156600 07156700 07157100 07157400 07157500 07157700 07157960 07227200 07227295 07227920 07232500 07233500 07234100
Water year (October 1-September 30) 1925 2015 1931 1943 1937 1949 1955 1961 1967 1973 1979 1985 1991 1997 2003 2009 1925 2015 1931 1943 1937 1949 1955 1961 1967 1973 1979 1985 1991 1997 2003 2009 Beginning of irrigated period of record were computed by using the Oklahoma StreamStats application (Smith and Esralew, 2010 . Accumulated runoff is slowly released from these lakes by infiltration and evapotranspiration (Gurdak and Roe, 2009 ). The areas that drain to these lakes are noncontributing areas because they do not directly contribute runoff to a stream. Noncontributing areas in and near the Oklahoma Panhandle statistical region were modeled by using drains (sinks) at playa lakes and large depressions (greater than about 0.06 mi 2 in area) to subtract playa drainage areas from the main stem drainage areas. These methods match those used by the Oklahoma StreamStats application (Smith and Esralew, 2010). Noncontributing areas also were excluded during computation of basin characteristics. Areas upstream from manmade dams were not modeled as noncontributing areas because those dams provide outlet works and spillways that allow runoff to flow downstream.
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Trend Analysis
Trend analysis of relevant hydrologic data is prudent prior to performing regression analysis on peak streamflow data. Kendall's tau (Kendall, 1938; Kendall, 1975 ) is a robust rank based statistic that tests for the presence of trend in a data series. The value of the Kendall's tau statistic is a number between -1 and 1; endpoints that indicate strong decreasing and increasing trends, respectively. In this report, a probability (p) value is reported with each Kendall tau statistic, and a 95-percent confidence level or greater (p ≤ 0.05) was deemed to indicate a significant trend with time. The Sen slope (Sen, 1968 ) also was computed to estimate the general slope (rate) of the trend. Trends are graphically represented in figures in this report using locally weighted scatterplot smoothing (LOWESS; Cleveland and McGill, 1984; Cleveland, 1985) trend lines.
Precipitation Trend Analysis
Trends in annual peak streamflows could be caused by trends in annual precipitation. Because of this possibility, the annual precipitation records from four climate divisions (Vose and others, 2014 ; National Oceanic and Atmospheric Administration, 2015a; National Oceanic and Atmospheric Administration, 2015b) were examined for trends ( fig. 1) . One significant trend, an increase of 0.05 inch per year for the South Central Kansas climate division (KS08, fig. 1 ), was observed over the entire (streamflow) period of record (fig. 5, table 2) . No significant trends in annual precipitation were observed over the irrigated (streamflow) period of record (fig. 5, table 2) ; therefore, any trends observed in streamflow over the irrigated period of record are not likely to have been related to trends in annual precipitation. 1931 1943 1937 1949 1955 1961 1967 1973 1979 1985 1991 1997 2003 2009 1925 2015 1931 1943 1937 1949 1955 1961 1967 1973 1979 1985 1991 1997 2003 2009 1925 2015 1931 1943 1937 1949 1955 1961 1967 1973 1979 1985 1991 1997 2003 2009 1925 2015 1931 1943 1937 1949 1955 1961 1967 1973 1979 1985 1991 1997 2003 2009 Water 1 A water year is a period of 12 consecutive months that includes January through September of the named calendar year and October through December of the previous calendar year.
Annual Peak Data Trend Analysis
Annual peak-streamflow data from selected streamflowgaging stations were obtained from NWISWeb (U.S. Geological Survey, 2015b) and examined for trends over the entire period of record and the irrigated period of record ( fig. 6 ). Eighteen significant streamflow trends were identified in the entire period of record; 17 of those 18 significant trends were decreasing (table 3). Because peakstreamflow data from more than half of the streamflow-gaging stations significantly decreased with no coincident decreasing trends in precipitation, this finding reinforces the conclusions of previous studies that the hydrology of the Oklahoma Panhandle statistical region has changed primarily as a result of groundwater withdrawals. Six significant streamflow trends were determined in the irrigated period of record at selected streamflow-gaging stations; 5 of those 6 significant trends were decreasing (table 3). The decreasing trends in peak streamflow during the irrigated period of record indicate that the hydrologic balance of the area in and near the Oklahoma Panhandle has continued to change since 1978 and has not reached a long-term equilibrium. Though the presence of some trends was statistically confirmed, the type or pattern of these trends was not clear. Hydrologic trends may be gradual or step-change or a complex combination or series of both. If the type of trend is well characterized for each station, a statistical model of the trend can be used to remove the effects of the trend from the time-series data (Ries and Dillow, 2006; Sherwood and others, 2007) . No attempt was made to remove trends from the annual peak-streamflow record in this report; however, this technique could be used in future reports to adjust pre-1978 peak-streamflow data and add them to the irrigated period of record.
Peak-Streamflow Frequency Analysis
The USGS computer program PeakFQ version 7.1 (U.S. Geological Survey, 2014a) was used to compute peakstreamflow frequency statistics from annual peak-streamflow data for the selected streamflow-gaging stations. PeakFQ automates many of the analytical procedures recommended in USGS Bulletin 17B (Interagency Advisory Committee on Water Data, 1982). Computed peak-streamflow frequency statistics of the 50-, 20-, 10-, 4-, 2-, 1-, and 0.2-percent annual exceedance probabilities are listed in table 1. To reduce errors resulting from a poor log-Pearson Type III (LPIII) fit, peak-streamflow frequency statistics were adjusted based on historical flood information (where available), skew coefficients, and Interagency Advisory Committee on Water Data (1982) guidelines (table 1; Lewis, 2010) .
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Estimates of Magnitude and Frequency of Peak Streamflows at Ungaged Sites
The regression analysis used in this report incorporated logarithmic (base 10) transformations of the peak-streamflow frequency statistics and basin characteristics to obtain a constant variance of the residuals about the regression line and to make the relation between the dependent variable (peak-streamflow frequency statistics) and independent variables (basin characteristics) acceptable for linear leastsquares regression procedures. The multiple-linear regression equations based on logarithmic transformation of the variables has the following form:
Log 10 Y = b 0 + b 1 log 10 X 1 +b 2 log 10 X 2 +…...+b n log 10 X n , (1) and the following form after taking antilogs,
where Y is the dependent variable (peak-streamflow frequency statistic for selected annual exceedance probability), b 0 to b n are the regression model coefficients, and X 1 to X n are independent variables (basin characteristics).
Regression Analysis
Previous regression analysis of peak-streamflow frequency for Oklahoma (Lewis, 2010) used a combination of ordinary-least-squares (OLS), weighted-least-squares (WLS), and generalized-least-squares (GLS) multiple-linear regression analysis methods to formulate statewide regression equations for Oklahoma; this report used the same methods as Lewis (2010) 1 : 1 l i n e 10 100 1,000 10,000 100,000 1,000,000
Computed peak-streamflow frequency statistic for the irrigated period of record , in cubic feet per second 10 100 1,000
10,000 100,000 1,000,000
Regression-estimated peak-streamflow frequency statistic (Lewis, 2010) , in cubic feet per second (Eng and others, 2009) facilitated OLS, WLS, and GLS regression analysis by performing logarithmic transformations on the dependent and independent variables, estimating regression model coefficients, and graphing performance metrics. The OLS and WLS regression analysis methods were used to eliminate statistically insignificant (p > 0.05) independent variables from consideration (Ries and Dillow, 2006) , and the GLS regression analysis method was used to formulate the final regression equations. The GLS regression analysis method entails weighting each basin in accordance with the variance (time-sampling error) and spatial-correlation structure of the peak-streamflow frequency statistic (among streamflowgaging stations) (Lumia and others, 2006) . The residual error is portioned into regression model error (error in assuming an incomplete regression form) and sampling error (time-and spatial-sampling errors). When using the GLS regression analysis method, the variance of prediction (and the square root, the standard error of prediction) is the sum of the model error variance and an additional term. This additional term has been called a sampling error variance (of the regression model coefficients), but it is different from the time-sampling and spatial-sampling error. The GLS regression analysis method can be used to assign weights to the streamflow-gaging station data used in the regression analysis to adjust not only for differences in record length but also for cross-correlation of the annual time series on which the peak-streamflow frequency statistics for the streamflow-gaging station data are based and for spatial correlation among the streamflow-gaging station data (Stedinger and Tasker, 1985) . Annual peak streamflows of basins were cross-correlated because a single storm can cause the annual peak in several basins. An advantage of using the GLS regression analysis method is that cross-correlation among basins is taken into account.
Several performance metrics from the WREG computer program were used to identify data points with unusual weight or control on the regression relation. The residuals metric shows differences between regression-estimated and computed peak-streamflow frequency statistics; homoscedastic residuals (residuals randomly distributed around zero) are preferred. The leverage metric is used to measure how distant the values of independent variables at one streamflow-gaging station are from the centroid of values of the same variables at all other streamflow-gaging stations. The influence metric indicates whether data from a streamflow-gaging station had a large influence on the estimated regression model coefficients (Eng and others, 2009 ). Data from streamflow-gaging stations identified as having high influence and leverage (for example, fig. 8 ) were not necessarily removed from the dataset because a station may have been the only streamflow-gaging station in a particular geographic area. The high-leverage and highinfluence limits were computed by the WREG computer program by using equations from Eng and others (2009) . The final performance metrics for the 10-percent annual exceedance probability regression model are shown in figure 8 as an example. 
Regression Equations
Regression equations were developed for use in estimating peak-streamflow frequency statistics associated with the 50-, 20-, 10-, 4-, 2-, 1-, and 0.2-percent annual exceedance probabilities. Combinations of independent variables were tested to minimize leverage or influence of individual data points and to avoid multicollinearity (correlation between independent variables), but most independent variables that were tested did not have a statistically significant relation with the dependent variable. Mean annual precipitation (PRECIP), 10-85 stream channel slope (CSL10_85FM), mean soil permeability (SOILPERM), outlet elevation (OUTLETELEV), outlet mean annual precipitation from 1961 to 1990 (PRCOUT61), outlet mean annual precipitation from 1971 to 2000 (PRCOUT71), percentage of forest-canopy cover (CANOPY_PCT), percentage of impervious cover (IMPNLCD01), and percentage of drainage area with crop cover (LC01CROP) were rejected as insignificant independent variables. Mean drainage-basin slope (BSLDEM10M) and percentage of drainage area on the High Plains aquifer (OK_HIPERMA) were statistically significant independent variables but only for percentage exceedance probabilities greater than 2 and 10 percent, respectively. Contributing drainage area (CONTDA) was the only basin characteristic determined to be statistically significant for all annual exceedance probabilities and was the only basin characteristic used for estimating peak-streamflow frequency statistics on unregulated streams in this report. The following regression equations were computed for unregulated streams from the results of the GLS regression analysis in the WREG computer program: where Q 50%, Q 20% ,…, and Q 0.2% are the peak-streamflow frequency statistics with annual exceedance probabilities of 50 percent, 20 percent, …, and 0.2 percent, in cubic feet per second; and CONTDA is the contributing drainage area, in square miles.
For estimating peak-streamflow frequency statistics at urban sites or sites that are affected by floodwater retarding structures, refer to procedures described by Lewis (2010) . For sites on large streams that have long-term streamflow-gaging stations upstream and downstream from the site of interest, the drainage-area ratio method is preferred for estimating peakstreamflow frequency statistics (Lewis, 2010) .
Accuracy and Limitations
Regression equations that produce estimates of streamflow statistics are statistical models that minimize differences between regression-estimated and computed streamflow statistics (residual errors).The accuracy of a regression equation depends on the combined model error and sampling error. Model error is the variability in the dependent variable that is unexplained by the selected dependent variables. Sampling error, which is more difficult to quantify, results from the limitations on the number of years of available streamflow-gaging station period of record and the assumption that streamflow measured during the available streamflowgaging station period of record is representative of long-term streamflow characteristics. The use of GLS regression analysis methods allows separation of the sampling error variance from the model error variance.
Three performance metrics were used to evaluate the accuracy of a regression-estimated peak-streamflow frequency statistic: the pseudo coefficient of determination (pseudo-R 2 ), the average standard error of prediction (S p ), and the standard model error (table 4) ; the WREG computer program reports these performance metrics in the model output. The coefficient of determination (R 2 ) is the proportion of the variability in the dependent variable (station computed peak-streamflow frequency statistic, Q x[s] ) that is explained by the independent variable (the basin characteristic, CONTDA). A greater value for R 2 indicates a better fit of the model, with a maximum value of 1.00 indicating that 100 percent of the variability in the dependent variable is explained by the independent variable (Helsel and Hirsch, 2002) . The pseudo-R 2 (Griffis and Stedinger, 2007) , however, is a more appropriate performance metric for GLS regressions; the pseudo-R 2 is a measure of the variability in the dependent variable explained by the regression after removing the effect of the time-sampling error (Eng and others, 2009 ). The pseudo-R 2 values converted to percent (table 4) for the Oklahoma Panhandle regional regression equations ranged from about 38 to 63 percent and were less than the corresponding pseudo-R 2 (which ranged from about 92 to 96 percent) for the Oklahoma statewide regression equations of Lewis (2010) . However, the pseudo-R 2 for the Oklahoma Panhandle regional regression equations were comparable to those reported by Capesius and Stephens (2009) for regional peak-streamflow frequency regression equations for the High Plains area of Colorado.
The standard error of prediction is derived from the sum of the model error variance and the sampling error of the regression model coefficients and is a measure of the expected accuracy of the regression estimates for the selected annual exceedance probabilities. The standard error of prediction generally ranges from 30 to 60 percent for most regional and statewide peak-streamflow frequency regression equations in the United States but often exceeds 60 percent for regions in the western United States where the network of streamflow-gaging stations is less dense and the periods of record are generally shorter (Jennings and others, 1994) . The standard errors of prediction for the Oklahoma Panhandle regional regression equations ranged from about 84 to 148 percent (table 4) and were greater than the corresponding standard error of prediction (which ranged from about 32 to 47 percent) for the Oklahoma statewide regression equations of Lewis (2010) . However, standard errors of prediction for the Oklahoma Panhandle regional regression equations were comparable to those reported by Asquith and Slade (1997) and Capesius and Stephens (2009) for regional peak-streamflow frequency regression equations for the High Plains areas of Texas and Colorado, respectively.
The standard model error, which depends on the number and predictive power of the independent variables, measures the ability of these variables to estimate peak-streamflow frequency statistics from the station records that were used to develop the equation. The standard model error typically is slightly smaller than the standard error of prediction (Jennings and others, 1994) for the same peak-streamflow frequency regression equation. The standard model errors for the Oklahoma Panhandle regional regression equations ranged from about 76 to 138 percent (table 4) and were greater than the corresponding standard model errors (which ranged from about 31 to 46 percent) for the Oklahoma statewide regression equations of Lewis (2010) . However, standard model errors for the Oklahoma Panhandle regional regression equations were comparable to those reported by Capesius and Stephens (2009) for regional peak-streamflow frequency regression equations for the High Plains area of Colorado.
These three performance metrics, as presented in table 4, quantify the fit of a regression model with respect to the set of observations used to formulate the regression model. Because the Oklahoma Panhandle regional regression equations and the Oklahoma statewide regression equations were formulated using different sets of observations, these three performance metrics are not ideal for direct comparisons of accuracy between table 4 of this report and the corresponding table 4 of Lewis (2010) ; therefore, a fourth performance metric, the root mean square error (RMSE) (Helsel and Hirsch, 2002) was calculated to directly compare the accuracy of the estimated peak streamflow statistics for the irrigated period of record in the Oklahoma Panhandle using the Oklahoma Panhandle regional regression equations and the Oklahoma statewide regression equations. The RMSEs for the Oklahoma Panhandle regional regression equations (ranging from 3,170 to 92,000 cubic feet per second [ft 3 /s]; table 1) were less than the RMSEs for the Oklahoma statewide regression equations (ranging from 18,900 to 412,000 ft 3 /s; table 1); therefore, the Oklahoma Panhandle regional regression equations produce more accurate peak-streamflow statistic estimates for the irrigated period of record in the Oklahoma Panhandle than do the Oklahoma statewide regression equations.
The regression equations developed in this report are applicable to streams in the Oklahoma Panhandle statistical region that are not substantially affected by regulation, impoundment, or surface-water withdrawals. These regression equations are intended for use for stream sites with contributing drainage areas less than or equal to about 2,060 mi 2 , the maximum value for the independent variable used in the regression analysis (table 1). 
Summary
This report presents the results of a cooperative study by the U.S. Geological Survey and the Oklahoma Department of Transportation to estimate the magnitude and frequency of peak streamflows from regional regression equations for ungaged stream sites in and near the Oklahoma Panhandle. These methods relate basin characteristics (physiographic and climatic attributes) to selected peak-streamflow frequency statistics with the 50-, 20-, 10-, 4-, 2-, 1-, and 0.2-percent annual exceedance probabilities. These relations were developed based on data from 32 selected streamflow-gaging stations in the Oklahoma Panhandle and in neighboring parts of Colorado, Kansas, New Mexico, and Texas. The basin characteristics for the selected streamflow-gaging stations were determined by using a geographic information system and the Oklahoma StreamStats application. Peak-streamflow frequency statistics were computed from annual peakstreamflow records from the irrigated period of record from water year 1978 through water year 2014.
Generalized-least-squares multiple-linear regression analysis was used to formulate regression relations between peak-streamflow frequency statistics and basin characteristics. Contributing drainage area was the only basin characteristic determined to be statistically significant for all percentage of annual exceedance probabilities and was the only basin characteristic used in this report for regional regression equations for estimating peak-streamflow frequency statistics on unregulated streams in and near the Oklahoma Panhandle. The regression model pseudo-coefficient of determination, converted to percent, for the Oklahoma Panhandle regional regression equations ranged from about 38 to 63 percent. The standard errors of prediction and the standard model errors for the Oklahoma Panhandle regional regression equations ranged from about 84 to 148 percent and from about 76 to 138 percent, respectively. These errors were comparable to those reported for regional peak-streamflow frequency regression equations for the High Plains areas of Texas and Colorado. The root mean square errors for the Oklahoma Panhandle regional regression equations (ranging from 3,170 to 92,000 cubic feet per second) were less than the root mean square errors for the Oklahoma statewide regression equations (ranging from 18,900 to 412,000 cubic feet per second); therefore, the Oklahoma Panhandle regional regression equations produce more accurate peakstreamflow statistic estimates for the irrigated period of record in the Oklahoma Panhandle than do the Oklahoma statewide regression equations. The regression equations developed in this report are applicable to streams that are not substantially affected by regulation, impoundment, or surface-water withdrawals. These regression equations are intended for use on stream sites with contributing drainage areas less than or equal to about 2,060 square miles, the maximum value for the independent variable used in the regression analysis.
